INTRODUCTION
============

Hand, foot, and mouth disease (HFMD) is a commonly seen disease that inflicts children worldwide, characterized by mucocutaneous papulovesicular rashes on hands, feet, mouth, and buttocks lesions, and sometimes only with mouth disease (herpangina).^[@R1]^ The disease is generally mild and self-limited; however, in recent years, an increasing frequency of mortality associated with brainstem encephalitis in HFMD patients was reported, mostly identified in children of less than 3 years old.^[@R2]^ The patients rapidly develop progressive encephalitis, mostly accompanied by pulmonary edema, pulmonary hemorrhage, and cardiopulmonary collapse.^[@R2]--[@R6]^ In the latest large Asian-Pacific epidemic occurring in China in 2008, altogether 126 HFMD related deaths were reported, most of whom were resulted from encephalitis.^[@R7]^

Among the serotypes of enteroviruses that caused HFMD, human enterovirus 71 (EV-71) was most frequently associated with severe diseases. However, even given the infection of virus with same neurovirulence, the clinical sequelae differed marginally, among which host immune response was suggested to play roles.^[@R8]^ In the previous studies, EV-71 associated severe cases showed a marked depletion of T cells, as well as higher levels of proinflammatory cytokines and cytokines,^[@R9]--[@R11]^ suggesting the important role of inflammatory responses in the immune response to EV-71. Coxsackievirus A16 (CV-A16) was another enterovirus most commonly seen in HFMD patients, which rarely resulted in complicated syndromes. However, the relationship between cytokines and EV-71 and CV-A16 associated HFMD with or without encephalitis remained unclear. In the current study, by comparing multigroup of HFMD patients, we try to understand the Th1, Th2, and Th17 related cytokines responses in the clinical severity of HFMD.

METHODS
=======

Study Population and Sample Collection
--------------------------------------

The study was designed as a retrospective study to test the serum samples that have been collected from HFMD patients during a hospital based surveillance performed in 2010. HFMD patients were recruited from children' hospitals located in Chongqing municipality and in Shandong provinces by using a standard protocol. HFMD was diagnosed when a patient had oral ulcers and vesicular rash on the hands, feet, knees, or buttocks. Viral encephalitis was diagnosed when a patient experienced a disturbance in the level of consciousness, such as lethargy, drowsiness, or coma and had cerebrospinal fluid (CSF) pleocytosis, in accordance with the revised diagnosis criteria defined by the ministry of health, China (<http://www.moh.gov.cn/publicfiles/business/htmlfiles/mohyzs/s3586/201004/46884.htm>). At acute phase of the illness, stool, serum, and CSF samples were collected from HFMD patients with encephalitis, while stool and serum samples were collected from HFMD patients without encephalitis. Healthy children were recruited from General Hospital of Beijing Military Region and used as controls, from whom the serum samples that were collected for the physical examination were obtained for tests. All samples were stored at −70 °C for batch detection of cytokine levels and EV-71/CV-A16 IgM. The study was approved by the ethic committee of the attending hospitals. We have got the written consent from the guardians of cases and controls.

Determination of IgM and Specific Viral RNA for EV-71 and CV-A16
----------------------------------------------------------------

The detection for EV-71 and CV-A16 IgM in serum was performed by the Diagnostic Kit for IgM Antibody to EV-71 and CV-A16 (Beijing Wantai Biological Pharmacy Enterprise Co., Ltd, China) following the manufacture\'s standard protocol. The sensitivity and specificity infection were 85.1% and 97.1% for acute EV-71, 78% and 98% for CV-A16, respectively. For detection of EV-71 and CV-A16 RNA, the stool samples were diluted 1:10 in phosphate-buffered saline (PBS, pH7.2), vortexed and centrifuged. Supernatants were collected for total viral RNA extraction using the QIAamp MinElute Virus Spin Kit (Qiagen, Hilden, Germany). Then, the specific viral RNA were detected by using commercial real-time RT-PCR kit for EV-71 and CV-A16 (KingHawk Co.LTD, China), respectively, according to the manufacturer\'s instructions.

Determination of Cytokine Levels
--------------------------------

The serum and CSF concentrations of interferon (IFN)-γ, interleukin (IL)-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, IL-17A, IL-22, IL-23, and tumor necrosis factor (TNF) -α were measured by BioLegend LEGENDplex Custom Human 12-Plex Cytokine Panel assays (BioLegend, Inc, USA) using Luminex 200 Total System (Invitrogen, Carlsbad, CA, USA). The assays were performed according to the instructions of the manufacturers. Briefly, 25 μL serum or CSF (1:1 diluted with the assay buffer) was incubated with antibody-coated capture beads for 2 h at room temperature. After washing the beads, protein-specific biotinylated detector antibodies are added and incubated with the beads for 1 h at room temperature. Then after removal of excess biotinylated antibodies, streptavidin conjugated R-Phycoerythrin fluorescent protein (Streptavidin-RPE) is added and incubated for 30 min at room temperature. After washing of unbound Streptavidin-RPE, the beads were resuspended by the sheath fluid for 5 min. Finally, the beads are analyzed with the Luminex 200. Concentrations of these cytokines in serum and CSF were calculated from standard curves of known concentrations of recombinant human cytokines. The minimum detectable concentration was as follows: IFN-γ, 0.4 pg/mL; IL-1β, 0.6 pg/mL; IL-2, 0.3 pg/mL; IL-4, 0.2 pg/mL; IL-5, 0.7 pg/mL; IL-6, 0.3 pg/mL; IL-10, 0.2 pg/mL; IL-13, 1.4 pg/mL; IL-17A, 0.4 pg/mL; IL-22, 1.4 pg/mL; IL-23 0.8 pg/mL; TNF-α, 0.6 pg/mL.

Statistical Analysis
--------------------

Cytokine levels below the limit of detection (LOD) were imputed using the formula *LOD*/2.^[@R12]^ Cytokines were analyzed as log-transformed continuous variables to achieve their right-skewed distributions. The two-sample *t* test or one-way ANOVA test was used to test for differences between 2 or more groups. For cytokine without right-skewed distributions after log-transform, the nonparametric Mann--Whitney *U* test was used to compare their differences in different groups. *χ*^2^ or Fisher exact test was used for the comparison of category variables. Logistic regression model was performed to estimate the adjusted odds ratio (OR) and 95% interval confidence (CI) of all cytokines, with effect from age and sex adjusted. All analyses were performed using the SPSS (version 11.5). A difference with *P* value \<0.05 was considered to be significant.

RESULTS
=======

Study Population Characteristics
--------------------------------

A total of 92 HFMD patients and 39 normal healthy children were recruited. The sex was evenly distributed among various subgroups, while healthy controls were significantly older than those patients (*P* \< 0.05) (Table [1](#T1){ref-type="table"}) Among the 92 HFMD patients, 40 had encephalitis, comprising 24 patients with single EV-71 infection and 16 patients with an EV-71 and CV-A16 coinfection. Among the 52 patients without viral encephalitis, 34 were infected with EV-71, 18 with CV-A16, and none had EV-71 and CV-A16 coinfection. Detection for nucleic acids of other common encephalitis-related viruses, including Japanese encephalitis virus (JEV), herpes simplex virus (HSV), and human enterovirus (HEV), was all negative. All the controls were confirmed to be negative for both EV-71 and CV-A16 by RNA detection and IgM test.

###### 

Characteristics of Study Population Classified by the Clinical Phenotype
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Cytokines Among HFMD Patients Regarding Their Clinical Manifestations
---------------------------------------------------------------------

Nine of the 11 cytokines were significantly elevated among HFMD patients, in comparison to healthy controls (Figure [1](#F1){ref-type="fig"}). Nine of the 11 cytokines, including IFN-γ, IL-2, TNF-α, IL-4, IL-5, IL-13, IL-23, IL-22, and IL-1β, were produced with significantly higher level in encephalitis patients compared with HFMD-alone patients (*P* \< 0.05). After adjustment for age and sex, higher levels of IL-4, IL-5, IL-22, and IL-23 remained to be significantly associated with the encephalitis (*P* \< 0.05, Table [2](#T2){ref-type="table"}). Older age conferred a protective effect on the development of HFMD associated encephalitis when adjusting for sex (OR = 0.913, 95% CI: 0.870--0.958; *P* \< 0.001).

![Cytokines concentrations (pg/mL) in serum samples from the 3 groups of patients: HFMD patients with encephalitis (n = 40), HFMD patients without encephalitis (n = 52), and healthy controls (n = 39). Scatter plots show median within each group. The statistical significance was determined by the nonparametric Mann--Whitney *U* test. ^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01, ^∗∗∗^*P* \< 0.001. HFMD = hand, foot, and mouth disease.](medi-94-e1137-g002){#F1}

###### 

The Logistic Regression Analysis on the Cytokine Concentration When Adjusting for Age and Sex
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The cytokine levels of IL-2, TNF-α, IL-4, IL-5, IL-13, IL-17A, IL-22, and IL-1β were significant higher in either encephalitis patients or HFMD-alone patients compared with the healthy controls (all *P* \< 0.05) (Figure [1](#F1){ref-type="fig"}).

Comparison of Cytokines Among HFMD Patients Regarding the Infected Viruses
--------------------------------------------------------------------------

When HFMD patients without encephalitis were separately considered, 5 cytokines (IL-2, TNF-α, IL-4, IL-22, and IL-1β) were produced with significantly higher levels in patients with EV-71 infection than those with CV-A16 infection. However, significantly higher levels of IFN-γ and IL-5 were observed in the EV-71 infected patients with encephalitis (n = 24) than those without encephalitis (n = 34) (both *P* \< 0.001) (Figure [2](#F2){ref-type="fig"}). The elevated IFN-γ and IL-5 were postulated to be correlated with both EV-71 infection and encephalitis development following EV-71 infection.

![Cytokines concentrations (pg/mL) in serum samples from 4 groups: EV17/CV-A16 associated viral encephalitis patients (n = 16), EV-71 associated viral encephalitis patients (n = 24), EV-71 infected mild HFMD patients (n = 18), and CV-A16 infected mild HFMD patients (n = 34). Data were analyzed by using column scatter plot. Scatter plots show median within each column. Significance determined by the nonparametric Mann--Whitney *U* test. HFMD = hand, foot, and mouth disease. ^∗^*P* \< 0.05, ^∗∗^*P* \< 0.01, ^∗∗∗^*P* \< 0.001.](medi-94-e1137-g004){#F2}

The cytokines in CSF samples were only evaluated for patients with encephalitis. We found that the IL-6 level was lower in the CSF of the EV-71/CV-A16 associated encephalitis than in that of EV-71 associated encephalitis patients (*P* = 0.040, Figure [3](#F3){ref-type="fig"}). All other 10 cytokines displayed comparable levels between 2 groups (data not shown).

![CSF concentrations of IL-6 between EV-71 with CV-A16 associated encephalitis and EV17 isolated encephalitis. Data were analyzed by using scatter plot. Scatter plot shows median within each column. Significance determined by Student *t* test for comparison between 2 groups. CSF = cerebrospinal fluid. ^∗^*P* \< 0.05.](medi-94-e1137-g005){#F3}

DISCUSSION
==========

There used to be studied proving that altered cellular but not humoral response might be linked to EV-71 meningoencephalitis.^[@R13]^ Several studies have examined cytokine and chemokine profiles in EV-71 patients with brainstem encephalitis: concentrations of IL-1β, IL-6, IL-10, IL-13, and TNF-α and IFN-γ were found to be significantly higher in EV-71 infected patients with pulmonary oedema than in those without.^[@R7],[@R9],[@R10]^ High concentrations of several chemokines in plasma, including 10 kDa-interferon-γ-induced protein, monocyte chemoattractant protein, monokine induced by IFN-γ and IL-8, have been reported in children with brainstem encephalitis and pulmonary oedema.^[@R14]^ In 1 study, IL-4 production was reduced in patients with meningoencephalitis, while interferon-γ production in patients with or without EV-71 meningoencephalitis was not significantly different.^[@R13]^ In the current study, HFMD patients with encephalitis produced an extensive immune response than patients without, EV-71 associated HFMD patients produced higher levels of cytokines than CV-A16 associated HFMD patients (IL-2, TNF-α, IL-4, IL-22, and IL-1β). Since EV-71 infection is associated with higher risk of encephalitis development, it is therefore hard to define the exact role of these cytokines in causing encephalitis. The analysis estimated simultaneously, presented significant association for younger age, EV-71 infection, IL-4, IL-5, IL-22, and IL-23. We might propose that over-presentation of other cytokines might tend to be derived from EV-71 infection, rather than the encephalitis itself. The evaluated cytokines could therefore be classified into 2 groups, the cytokines that were associated with EV-71 infection, the cytokines that were independently associated with encephalitis (IL-4, IL-5, IL-22, and IL-23) regardless of the infection types, which might further play roles in the encephalitis following EV-71 infection. Another important finding is that EV-71 and CV-A16 coinfection, despite their strong correlation with higher frequency of encephalitis, did not produce elevated cytokines in either serum or CSF; therefore, the coinfection of CV-A16 had no role in the cytokine storm produced from encephalitis.

All the evaluated cytokines in the current study were Th1, Th2, and Th17 secreted that have been involved in human innate and adaptive immunity to pathogenic infection.^[@R15],[@R16]^ Under certain circumstances, the severe clinical manifestation or outcomes were induced by the stimulated host immune response, which is usually characterized by abnormal cytokine level. The complication with encephalitis is considered the second stage of the HFMD, which period is critical for taking therapeutic measures to prevent the disease progressing into the third stage, such as BE, PE, and cardiopulmonary collapse.^[@R17]^ Therefore, the cytokine activation accompanying EV-71 and/or CV-A16 infection could act as an important indicator, which if identified at early stage might be used to recognize patients with severe clinical outcome for further clinical treatment.

The limitation of the study should be addressed. First, we measured both CSF and serum concentration of cytokines only in patients with the encephalitis, and the association of cytokines with encephalitis risk based on the serum concentration, which might not reflect changes in the central nervous system. Furthermore, the relative small sample size might affect statistical power of the analyses, especially for the multivariate logistic regression model. Finally, the age and regional source of the patients were not matched with controls; therefore, selection bias cannot be avoided. Taken together, the current finding needs to be confirmed by further well matched studies based on larger sample sizes.
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